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(57) ABSTRACT

An apparatus for measuring dynamic on-resistance of a
device under test (DUT) is provided. The apparatus com-
prises a testing interface configured for coupling between
the DUT and a measuring equipment; a first measuring
circuit configured for sensing a drain-source voltage of the
DUT and generating a first measuring signal proportional to
the drain-source voltage; a current sensing circuit configured
for sensing a drain current flowing from a drain to a source
of'the DUT and generating a current sensing signal; a second
measuring circuit configured for receiving the current sens-
ing signal and generating a second measuring signal pro-
portional to the drain current; a first clamping circuit con-
figured for eliminating overshoots in the first measuring
signal; a second clamping circuit configured for eliminating
overshoots in the second measuring signal. As the overshoot
in the measuring voltage signals can be eliminated, the time
required for the measuring signal to settle is shortened.

19 Claims, 7 Drawing Sheets
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1
APPARATUS FOR MEASURING DYNAMIC
ON-RESISTANCE OF NITRIDE-BASED
SEMICONDUCTOR DEVICE

FIELD OF THE INVENTION

The present invention generally relates to an apparatus for
measuring dynamic on-resistance of electronic device. More
specifically, the present invention relates to an apparatus for
measuring dynamic on-resistance of a nitride-based semi-
conductor device.

BACKGROUND OF THE INVENTION

GaN-based devices have been widely used for high fre-
quency electrical energy conversion systems because of low
power losses and fast switching transition. In comparison
with silicon metal oxide semiconductor field effect transistor
(MOSFET), GaN high-electron-mobility transistor (HEMT)
has a high breakdown-voltage and low on-resistance for
high-power and high-frequency applications. For GaN
HEMTs, there is a critical reliability issue: when the device
is switching, its on-resistance will continue to rise as the
operating time increases. This problem is also known as the
dynamic resistance problem. Therefore, dynamic on-resis-
tance measurement is important for performance evaluation
and circuit diagnosis of GaN power devices. In order to
evaluate the dynamic resistance characteristics of a GaN
HEMT, a dynamic on-resistance is usually obtained by
measuring the drain-source voltage and current of the device
during the on-state of the device. Since the drain-source
voltage of GaN HEMT is high at off state but very small at
on state, the full range drain-to-source voltage of the GaN
power device is too large for a typical measuring equipment.
One approach to measure the full range drain-to-source
voltage of the GaN power device is to use a clamping circuit
to capture the turn-on voltage of the device under test and
isolate the turn-off voltage of the device.

However, conventional clamping circuits may include
clamping devices such as diodes and Si-MOS transistors
which have junction capacitance. Such junction capacitance
causes charge current i, (as shown FIG. 1A) when the device
under test is switched on and discharge current id (as shown
in FIG. 1B) when the device under test is switched off,
resulting in voltage spikes occurs in waveforms of the
clamped signals V_, and V_, as shown in FIG. 2. When using
a measuring equipment (e.g., oscilloscope) to monitor the
clamped signals V; and V,, in order to avoid the over-
range problem, it is necessary to adjust the measurement
range of the oscilloscope to accommodate the voltage
spikes, resulting in poor signal resolution and large error in
the dynamic resistance value calculated from the measured
signal. Similarly, the charge/discharge current caused by
junction capacitance of electronic components in a current
sampling circuit will also affect the accuracy of measured
current sampling signal. Furthermore, the peak and trough
voltage overshoot of the voltage and current sampling
signals may cause signal ringing. A settling time is required
before taking measurement which limits the operation fre-
quency and in turn the application range of the testing
circuit.

SUMMARY OF THE INVENTION

One objective of the present invention is to address the
above-said issues in evaluating dynamic resistance charac-

10

15

20

25

30

35

40

45

50

55

60

65

2

teristics of a GaN HEMT so as to provide a test platform for
extremely high frequency aging tests.

In accordance with one aspect of the present disclosure,
an apparatus for measuring dynamic on-resistance of a
device under test (DUT) is provided. The apparatus com-
prises a testing interface configured for coupling between
the DUT and a measuring equipment; a first measuring
circuit configured for sensing a drain-source voltage of the
DUT and generating a first measuring signal proportional to
the drain-source voltage; a current sensing circuit configured
for sensing a drain current flowing from a drain to a source
of'the DUT and generating a current sensing signal; a second
measuring circuit configured for receiving the current sens-
ing signal and generating a second measuring signal pro-
portional to the drain current; a first clamping circuit con-
figured for eliminating overshoots in the first measuring
signal; a second clamping circuit configured for eliminating
overshoots in the second measuring signal; a plurality of
driving circuits configured for driving the DUT, the first
measuring circuit, the second measuring circuit, the first
clamping circuit and the second clamping circuit respec-
tively; and a controller configured for controlling the plu-
rality of driving circuits.

By operating the clamping circuits with a control logic
provided by the present invention, the overshoot in the
measuring voltage signals caused by the switching process
of the device can be eliminated. The time required for the
measuring signal to settle is greatly shortened. A greater
measurement scale can be allowed and therefore, the mea-
surement efficiency and accuracy can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure may be readily under-
stood from the following detailed description with reference
to the accompanying figures. The illustrations may not
necessarily be drawn to scale. That is, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion. There may be distinctions between the
artistic renditions in the present disclosure and the actual
apparatus due to manufacturing processes and tolerances.
Common reference numerals may be used throughout the
drawings and the detailed description to indicate the same or
similar components.

FIGS. 1A and 1B are circuit diagrams of a conventional
dynamic on-resistance measuring circuit when the device
under test is switched on and off respectively;

FIG. 2 are waveforms of electrical signals of the measur-
ing circuit of FIG. 1;

FIG. 3 shows a circuit block diagram of an apparatus for
measuring dynamic on-resistance of a device under test
(DUT) according to some embodiments of the present
invention;

FIG. 4 shows a circuit block diagram of an apparatus for
measuring dynamic on-resistance of a DUT according to
some other embodiments of the present invention;

FIG. 5 shows an exemplary circuit diagram of a measur-
ing circuit according to some embodiments of the present
invention;

FIG. 6 shows another exemplary circuit diagram of a
clamping circuit according to some embodiments of the
present invention;

FIG. 7 shows waveforms of the driving signals for oper-
ating the apparatus and corresponding obtained measuring
signals according to some embodiments of the present
invention; and
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FIG. 8 shows waveforms of the driving signals for oper-
ating the apparatus and corresponding obtained measuring
signals according to some embodiments of the present
invention.

DETAILED DESCRIPTION

In the following description, preferred examples of the
present disclosure will be set forth as embodiments which
are to be regarded as illustrative rather than restrictive.
Specific details may be omitted so as not to obscure the
present disclosure; however, the disclosure is written to
enable one skilled in the art to practice the teachings herein
without undue experimentation.

FIG. 3 shows a circuit block diagram of an apparatus 10A
for measuring dynamic on-resistance of a device under test
(DUT) 20 according to some embodiments of the present
invention. As shown, the apparatus 10A may comprise a
testing interface configured for coupling between the DUT
20 and a measuring equipment 30; a measuring circuit 102
configured for sensing a drain-source voltage Vds of the
DUT 20 and generating a first measuring signal Vsl pro-
portional to the drain-source voltage Vds; a current sensing
circuit 110 configured for sensing a drain current Id flowing
from a drain to a source of the DUT 20 and generating a
current sensing signal proportional to the drain current Id; a
measuring circuit 104 configured for receiving the current
sensing signal and generating a second measuring signal
Vs2 proportional to the drain current Id; a clamping circuit
106 configure for eliminating overshoots in the first mea-
suring signal Vs1 and a clamping circuit 108 configured for
eliminating overshoots in the second measuring signal Vs2.
The apparatus 10A may further comprise a plurality of
driving circuits 101, 103, 105, 107, 109 configured for
driving the DUT 20, the measuring circuits 102 and 104, the
clamping circuits 106 and 108 respectively. The apparatus
10A may further comprise a controller 111 configured for
controlling the driving circuits 101, 103, 105, 107, 109.

The testing interface may include a DUT control node
Ctrl_DUT for connecting to a control terminal of the DUT
20; a first DUT conduction node Cdetl_DUT for connecting
to a first conduction terminal of the DUT 20 and a second
DUT conduction node Cdct2_DUT for connecting to a
second conduction terminal of the DUT 20. In some embodi-
ments, the DUT 20 may be a gallium nitride (GaN) high
electron mobility transistor (HEMT) having a gate being the
control terminal, a drain being the first conduction terminal
and a source being the second conduction terminal.

The testing interface may further include a first measuring
node Meal for connecting to a first input port of the
measuring equipment 30; a second measuring node Mea2
for connecting to a second input port of the measuring
equipment 30 and a ground node GND for connecting to
ground.

The driving circuit 101 may have an output terminal
connected to the DUT control node Ctrl_DUT. The driving
circuit 101 may generate a driving signal V1 to the DUT
through the DUT control node Ctrl_DUT.

The measuring circuit 102 may have a first conduction
terminal T021 connected to the first DUT conduction node
Cdctl_DUT, a second conduction terminal T022 connected
to the first measuring node Meal and a reference terminal
T023 connected to the second DUT conduction node
Cdct2_DUT. The driving circuit 103 may have a first output
terminal connected to a common-source terminal T024 of
the measuring circuit 102 and a second output terminal
connected to a control terminal T025 of the measuring
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circuit 102. The driving circuit 103 may generate a common
source signal Vcom to the measuring circuit 102 through the
common-source terminal T024. The driving circuit 103 may
generate a driving signal V3 to the measuring circuit 102
through the control terminal T025.

The current sensing circuit 110 may have a first terminal
T101 connected to the second DUT conduction node
Cdct2_DUT and a second terminal T102 connected to the
ground node GND. In some embodiments, the current
sensing circuit 110 may include a resistor (not shown)
having a first end electrically connected to the first terminal
T101 and a second end electrically connected to the second
terminal T102.

The measuring circuit 104 may have a first conduction
terminal T041 connected to the second DUT conduction
node Cdct2_DUT, a second conduction terminal T042 con-
nected to the second measuring node Mea2 and a reference
terminal T043 connected to the ground node GND. The
driving circuit 105 may have a first output terminal con-
nected to a common-source terminal T044 of the measuring
circuit 104 and a second output terminal connected to a
control terminal T045 of the measuring circuit 104. The
driving circuit 105 may generate a common source signal
Vcom to the measuring circuit 104 through the common-
source terminal T024. The driving circuit 105 may generate
a driving signal V5 to the measuring circuit 104 through the
control terminal T045.

The clamping circuit 106 may have a first conduction
terminal T061 connected to the first measuring node Meal.
The clamping circuit 106 may have a second conduction
terminal T062 connected to the second DUT conduction
node Cdct2_DUT. The driving circuit 107 may have an
output terminal connected to a control terminal T063 of the
clamping circuit 106 and generate a driving signal V7 to the
clamping circuit 106.

The clamping circuit 108 may have a first conduction
terminal T081 connected to the second measuring node
Mea2. The clamping circuit 108 may have a second con-
duction terminal T082 connected to the ground node GND.
The driving circuit 109 may have an output terminal con-
nected to a control terminal T083 of the clamping circuit 110
and generate a driving signal V9 to the clamping circuit 110.

The controller 111 may have a first output terminal T111
connected to an input terminal of the driving circuit 101; a
second output terminal T112 connected to an input terminal
of the driving circuit 103; a third output terminal T113
connected to an input terminal of the driving circuit 105; a
fourth output terminal T114 connected to an input terminal
of the driving circuit 107; and a fifth output terminal T115
connected to an input terminal of the driving circuit 109.

The controller 111 may be configured to generate a first
control signal to the driving circuit 101, a second control
signal to the driving circuit 103, a third control signal to the
driving circuit 105, a fourth control signal to the driving
circuit 107 and a fifth control signal to the driving circuit
109.

The driving circuit 101 may be configured to receive a
first control signal from the controller 111 and generate the
first driving signal V1 to switch on and off the DUT 20.

The driving circuit 103 may be configured to receive a
second control signal from the controller 111 and generate
the second driving signal V3 to switch on and off the
measuring circuit 102.

The driving circuit 105 may be configured to receive a
third control signal from the controller 111 and generate the
third driving signal V5 to switch on and off the clamping
circuit 104.
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The driving circuit 107 may be configured to receive a
fourth control signal from the controller 111 and generate the
fourth driving signal V7 to the clamping circuit 106 to
switch on and off the clamping circuit 106.

The driving circuit 109 may be configured to receive a
fifth control signal from the controller 111 and generate the
fifth driving signal V9 to the clamping circuit 108 to switch
on and off the clamping circuit 108.

FIG. 4 shows a circuit block diagram of an apparatus 10B
for measuring dynamic on-resistance of a device under test
(DUT) 20 according to other embodiments of the present
invention. The apparatus 10B is similar to the apparatus
10A. For conciseness, identical or similar elements in FIGS.
3 and 4 are given the same reference numerals and will not
be further described in details. As shown in FIG. 4, the
apparatus 10B is different from the apparatus 10A in that
both of the reference terminal of the measuring circuit 102
and the second conduction terminal of the clamping circuit
106 are connected to the ground node GND instead of the
second DUT conduction node Cdct2_DUT.

FIG. 5 shows an exemplary circuit diagram of the mea-
suring circuit 102/104 according to some embodiments of
the present invention. As shown, the circuit 102/104 may
include a pair of enhancement-mode (E-mode) N-channel
transistors Q1 and Q2, a resistor R1 and a diode DI. The
transistor Q1 may have a drain connected to the first terminal
T021/T041 of the circuit 102/104, a source connected to the
fourth terminal T024/T044 of the circuit 102/104 and a gate
connected to the fifth terminal T025/T045 of the circuit
102/104. The transistor Q2 may have a drain connected to
the second terminal T022/T042 of the circuit 102/104, a
source connected to the fourth terminal T024/T044 of the
circuit 102/104 and a gate connected to the fifth terminal
T025/T045 of the circuit 102/104. The resistor R1 may have
a first end connected to the second terminal T022/T042 of
the circuit 102/104 and a second end connected to the third
terminal T023/T043 of the circuit 102/104. The diode DI
may have an anode connected to the third terminal T023/
T043 of the circuit 102/104 and a cathode connected to the
second terminal T022/T042 of the circuit 102/104.

FIG. 6 shows an exemplary circuit diagram of the clamp-
ing circuit 106/108 according to some embodiments of the
present invention. As shown, the circuit 106/108 may
include a E-mode P-channel transistor Q1 and two E-mode
N-channel transistors Q2 and Q3. The transistor Q1 may
have a source connected to a DC power supply Vcec, a drain
connected to a gate of the transistor Q3, and a gate connected
to the control terminal T063/T083 of the circuit 106/108.
The transistor Q2 may have a source connected to the second
terminal T062/T082 of the circuit 106/108, a drain con-
nected to a gate of the transistor Q3, and a gate connected
to the control terminal T063/T083 of the circuit 106/108.
The transistor Q3 may have a drain connected to the first
conduction terminal T061/T081 of the circuit 106/108 and a
source connected to the second conduction terminal T062/
T082 of the circuit 106/108.

FIG. 7 shows waveforms of the driving signals V1, V3,
V5, V7 and V9 for operating the apparatus 10A or 10B, as
well as the obtained measuring signals Vsl and Vs2 accord-
ing to some embodiments of the present invention. As
shown, the first driving signal V1 may have a waveform
such that the DUT 20 is switched on and off with a switching
cycle time Tsw.

The second driving signal V3 may have a waveform such
that the measuring circuit 102 is turned on later than the
DUT 20 being turned on for a first time interval t1 and the
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measuring circuit 102 is turned off earlier than the DUT 20
being turned off for a second time interval t2.

The third driving signal V5 may have a same waveform
as that of the second driving signal V3. That is, the third
driving signal V5 may have a waveform such that the
measuring circuit 104 is turned on later than the DUT 20
being turned on for a first time interval t1 and the measuring
circuit 104 is turned off earlier than the DUT 20 being turned
off for a second time interval t2.

The fourth driving signal V7 may have a waveform such
that the clamping circuit 106 is: turned on, at the first time
within a switching cycle, earlier than the DUT 20 being
turned on for a third time interval t3; turned off, at the first
time within the switching cycle, earlier than the measuring
circuit 102/104 being turned on for a fourth time interval t4;
turned on, at the second time within the switching cycle,
later than the measuring circuit 102/104 being turned off for
a fifth time interval t5; and turned off, at the second time
within the switching cycle, later than the DUT 20 being
turned off for a sixth time interval t6. In some embodiments,
the third time interval t3 is equal to the sixth time interval t6.
The fourth time interval t4 is equal to the fifth time interval
15.

The fifth driving signal V9 may have a same waveform as
that of the fourth driving signal V7. That is, the fourth
driving signal V9 may have a waveform such that the
clamping circuit 108 is: turned on, at the first time within a
switching cycle, earlier than the DUT 20 being turned on for
a third time interval t3; turned off, at the first time within the
switching cycle, earlier than the measuring circuit 102/104
being turned on for a fourth time interval t4; turned on, at the
second time within the switching cycle, later than the
measuring circuit 102/104 being turned off for a fifth time
interval t5; and turned off, at the second time within the
switching cycle, later than the DUT 20 being turned off for
a sixth time interval t6. In some embodiments, the third time
interval t3 is equal to the sixth time interval t6. The fourth
time interval t4 is equal to the fifth time interval t5.

As shown, by operating the testing apparatus 10A/10B
with the driving signals V1, V3, V5, V7 and V9, there are
no peak and trough overshoot in the waveforms of measur-
ing signals Vsl and Vs2. As a result, the accuracy of the
dynamic on-resistance of the DUT 20, which is proportional
to: Vs1/Vs2 when the testing apparatus 10A is used or
(Vs1-Vs2)/Vs2 when the testing apparatus 10B is used, can
be greatly improved.

FIG. 8 shows waveforms of the driving signals V1, V3,
V5, V6 and V9 for operating the apparatus 10A or 10B, as
well as the obtained measuring signals Vsl and Vs2 accord-
ing to some other embodiments of the present invention. As
shown, the first driving signal V1 may have a waveform
such that the DUT 20 is switched on and off with a switching
cycle time Tsw.

Similar to the embodiment of FIG. 7, the second driving
signal V3 may have a waveform such that the measuring
circuit 102 is turned on later than the DUT 20 being turned
on for a first time interval t1 and the measuring circuit 102
is turned off earlier than the DUT 20 being turned off for a
second time interval t2.

The third driving signal V5 may have a same waveform
as that of the second driving signal V3. That is, the third
driving signal V5 may have a waveform such that the
measuring circuit 104 is turned on later than the DUT 20
being turned on for a first time interval t1 and the measuring
circuit 104 is turned off earlier than the DUT 20 being turned
off for a second time interval t2.
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Different from the embodiment of FIG. 7, the fourth
driving signal V7 may have a waveform such that the
clamping circuit 106 is: turned off when the measuring
circuit 102/104 is turned on; and turned on when the
measuring circuit 102/104 is turned off.

The fifth driving signal V9 may have a same waveform as
that of the fourth driving signal V7. That is, the fifth driving
signal V9 may have a waveform such that the clamping
circuit 108 is: turned off when the measuring circuit 102/104
is turned on; and turned on when the measuring circuit
102/104 is turned off.

As shown, by operating the testing apparatus 10A/10B
with the driving signals V1, V3, V5, V6 and V9 there are no
peak and trough overshoot in the waveforms of measuring
signals Vsl and Vs2. As a result, the accuracy of the
dynamic on-resistance of the DUT 20, which is proportional
to: Vs1/Vs2 when the testing apparatus 10A is used or
(Vs1-Vs2)/Vs2 when the testing apparatus 10B is used, can
be greatly improved.

The embodiments were chosen and described in order to
best explain the principles of the invention and its practical
application, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
various modifications that are suited to the particular use
contemplated. While the methods disclosed herein have
been described with reference to particular operations per-
formed in a particular order, it will be understood that these
operations may be combined, sub-divided, or re-ordered to
form an equivalent method without departing from the
teachings of the present disclosure. Accordingly, unless
specifically indicated herein, the order and grouping of the
operations are not limitations. While the apparatuses dis-
closed herein have been described with reference to particu-
lar structures, shapes, materials, composition of matter and
relationships . . . etc., these descriptions and illustrations are
not limiting. Modifications may be made to adapt a particu-
lar situation to the objective, spirit and scope of the present
disclosure. All such modifications are intended to be within
the scope of the claims appended hereto.

The invention claimed is:

1. An apparatus for measuring dynamic on-resistance of a

device under test (DUT), comprising:

a testing interface configured for coupling between the
DUT and a measuring equipment;

a first measuring circuit configured for sensing a drain-
source voltage of the DUT and generating a first
measuring signal proportional to the drain-source volt-
age;

a current sensing circuit configured for sensing a drain
current flowing from a drain to a source of the DUT and
generating a current sensing signal proportional to the
drain current;

a second measuring circuit configured for receiving the
current sensing signal and generating a second mea-
suring signal proportional to the drain current;

a first clamping circuit configured for eliminating over-
shoots in the first measuring signal;

a second clamping circuit configured for eliminating
overshoots in the second measuring signal;

a plurality of driving circuits configured for driving the
DUT, the first measuring circuit, the second measuring
circuit, the first clamping circuit and the second clamp-
ing circuit respectively; and

a controller configured for controlling the plurality of
driving circuits;

wherein the testing interface includes:
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a DUT control node for connecting to a control terminal
of the DUT;

a first DUT conduction node for connecting to a first
conduction terminal of the DUT;

a second DUT conduction node for connecting to a second
conduction terminal of the DUT;

a first measuring node for connecting to a first input port
of the measuring equipment;

a second measuring node for connecting to a second input
port of the measuring equipment; and

a ground node for connecting to ground;

and wherein:

the first measuring circuit has a first conduction terminal
connected to the first DUT conduction node, a second
conduction terminal connected to the first measuring
node and a reference terminal connected to the second
DUT conduction node;

the current sensing circuit has a first terminal connected to
the second DUT conduction node and a second termi-
nal connected to the ground node;

the second measuring circuit has a first conduction ter-
minal connected to the second DUT conduction node,
a second conduction terminal connected to the second
measuring node and a reference terminal connected to
the ground node;

the first clamping circuit has a first conduction terminal
connected to the first measuring node and a second
conduction terminal connected to the second DUT
conduction node; and

the second clamping circuit having a first conduction
terminal connected to the second measuring node and
a second conduction terminal connected to the ground
node.

2. The apparatus according to claim 1, wherein the

plurality of driving circuits includes:

a first driving circuit having an output terminal connected
to the DUT control node Ctrl_DUT;

a second driving circuit having an output terminal con-
nected to a control terminal of first measuring circuit;

a third driving circuit having an output terminal connected
to a control terminal of second measuring circuit;

a fourth driving circuit having an output terminal con-
nected to a control terminal of the first clamping circuit;
and

a fifth driving circuit having an output terminal connected
to a control terminal of the second clamping circuit.

3. The apparatus according to claim 2, wherein the

controller comprises:

a first output terminal connected to an input terminal of
the first driving circuit;

a second output terminal connected to an input terminal of
the second driving circuit;

a third output terminal connected to an input terminal of
the third driving circuit;

a fourth output terminal connected to an input terminal of
the fourth driving circuit; and

a fifth output terminal connected to an input terminal of
the fifth driving circuit.

4. The apparatus according to claim 3, wherein the

controller is configured to:

generate a first control signal to the first driving circuit to
switch on and off the DUT with a switching cycle time;
and

generate a second control signal to the second driving
circuit to switch on and off the first measuring circuit
and a third control signal to the second driving circuit
to switch on and off the second measuring circuit such
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that the first measuring circuit and the second measur-
ing circuit are turned on later than the DUT being
turned on for a first time interval and the first measuring
circuit is turned off earlier than the DUT being turned
off for a second time interval.

5. The apparatus according to claim 4, wherein the
controller is further configured to generate a fifth control
signal to the fifth driving circuit to switch on and off the
second clamping circuit such that the second clamping
circuit is:

turned on, at the first time within a switching cycle, earlier
than the DUT being turned on for a third time interval;

turned off, at the first time within the switching cycle,
earlier than the second measuring circuit being turned
on for a fourth time interval;

turned on, at the second time within the switching cycle,
later than the second measuring circuit being turned off
for a fifth time interval; and

turned off; at the second time within the switching cycle,
later than the DUT being turned off for a sixth time
interval.

6. The apparatus according to claim 4, wherein the
controller is further configured to generate a fourth driving
signal to the fourth driving circuit to switch on and off the
first clamping circuit such that the first clamping circuit is:

turned off when the first measuring circuit is turned on;
and

turned on when the first measuring circuit is turned off.

7. The apparatus according to claim 4, wherein the
controller is further configured to generate a fifth driving
signal to the fifth driving circuit to switch on and off the
second clamping circuit such that the second clamping
circuit is:

turned off when the second measuring circuit is turned on;
and

turned on when the second measuring circuit is turned off.

8. The apparatus according to claim 4, wherein the
controller is further configured to generate a fourth control
signal to the fourth driving circuit to switch on and off the
first clamping circuit such that the first clamping circuit is:

turned on, at the first time within a switching cycle, earlier
than the DUT being turned on for a third time interval;

turned off, at the first time within the switching cycle,
earlier than the first measuring circuit being turned on
for a fourth time interval;

turned on, at the second time within the switching cycle,
later than the first measuring circuit being turned off for
a fifth time interval; and

turned off; at the second time within the switching cycle,
later than the DUT being turned off for a sixth time
interval.

9. The apparatus according to claim 8, wherein the third
time interval is equal to the sixth time interval; and the
fourth time interval is equal to the fifth time interval.

10. An apparatus for measuring dynamic on-resistance of
a device under test (DUT), comprising:

a testing interface configured for coupling between the

DUT and a measuring equipment;

a first measuring circuit configured for sensing a drain-
source voltage of the DUT and generating a first
measuring signal proportional to the drain-source volt-
age;

a current sensing circuit configured for sensing a drain
current flowing from a drain to a source of the DUT and
generating a current sensing signal proportional to the
drain current;
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a second measuring circuit configured for receiving the
current sensing signal and generating a second mea-
suring signal proportional to the drain current;

a first clamping circuit configured for eliminating over-
shoots in the first measuring signal;

a second clamping circuit configured for eliminating
overshoots in the second measuring signal;

a plurality of driving circuits configured for driving the
DUT, the first measuring circuit, the second measuring
circuit, the first clamping circuit and the second clamp-
ing circuit respectively; and

a controller configured for controlling the plurality of
driving circuits;

wherein the testing interface includes:

a DUT control node for connecting to a control terminal
of the DUT;

a first DUT conduction node for connecting to a first
conduction terminal of the DUT;

a second DUT conduction node for connecting to a second
conduction terminal of the DUT;

a first measuring node for connecting to a first input port
of the measuring equipment;

a second measuring node for connecting to a second input
port of the measuring equipment; and

a ground node for connecting to ground;

and wherein:

the first measuring circuit has a first conduction terminal
connected to the first DUT conduction node, a second
conduction terminal connected to the first measuring
node and a reference terminal connected to the ground
node;

the current sensing circuit has a first terminal connected to
the second DUT conduction node and a second termi-
nal connected to the ground node;

the second measuring circuit has a first conduction ter-
minal connected to the second DUT conduction node,
a second conduction terminal connected to the second
measuring node and a reference terminal connected to
the ground node;

the first clamping circuit has a first conduction terminal
connected to the first measuring node and a second
conduction terminal connected to the ground node; and

the second clamping circuit having a first conduction
terminal connected to the second measuring node and
a second conduction terminal connected to the ground
node.

11. The apparatus according to claim 10, wherein the

plurality of driving circuits includes:

a first driving circuit having an output terminal connected
to the DUT control node Ctrl_DUT;

a second driving circuit having an output terminal con-
nected to a control terminal of first measuring circuit;

a third driving circuit having an output terminal connected
to a control terminal of second measuring circuit;

a fourth driving circuit having an output terminal con-
nected to a control terminal of the first clamping circuit;
and

a fifth driving circuit having an output terminal connected
to a control terminal of the second clamping circuit.

12. The apparatus according to claim 11, wherein the

controller comprises:

a first output terminal connected to an input terminal of
the first driving circuit;

a second output terminal connected to an input terminal of
the second driving circuit;

a third output terminal connected to an input terminal of
the third driving circuit;
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a fourth output terminal connected to an input terminal of

the fourth driving circuit; and

a fifth output terminal connected to an input terminal of

the fifth driving circuit.

13. The apparatus according to claim 12, wherein the
controller is configured to:

generate a first driving signal to the first driving circuit to

switch on and off the DUT with a switching cycle time;
and
generate a second driving signal to the second driving
circuit to switch on and off the first measuring circuit
and a third control signal to the second driving circuit
to switch on and off the second measuring circuit such
that the first measuring circuit and the second measur-
ing circuit are turned on later than the DUT being
turned on for a first time interval and the first measuring
circuit is turned off earlier than the DUT being turned
off for a second time interval.
14. The apparatus according to claim 13, wherein the
controller is further configured to generate a fifth control
signal to the fifth driving circuit to switch on and off the
second clamping circuit such that the second clamping
circuit is:
turned on, at the first time within a switching cycle, earlier
than the DUT being turned on for a third time interval;

turned off, at the first time within the switching cycle,
earlier than the second measuring circuit being turned
on for a fourth time interval;

turned on, at the second time within the switching cycle,

later than the second measuring circuit being turned off
for a fifth time interval; and

turned off; at the second time within the switching cycle,

later than the DUT being turned off for a sixth time
interval.

15. The apparatus according to claim 13, wherein the
controller is further configured to generate a fourth driving
signal to the fourth driving circuit to switch on and off the
first clamping circuit such that the first clamping circuit is:

turned off when the first measuring circuit is turned on;

and

turned on when the first measuring circuit is turned off.

16. The apparatus according to claim 13, wherein the
controller is further configured to generate a fifth driving
signal to the fifth driving circuit to switch on and off the
second clamping circuit such that the second clamping
circuit is:

turned off when the second measuring circuit is turned on;

and

turned on when the second measuring circuit is turned off.

17. The apparatus according to claim 13, wherein the
controller is further configured to generate a fourth driving
signal to the fourth driving circuit to switch on and off the
first clamping circuit such that the first clamping circuit is:
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turned on, at the first time within a switching cycle, earlier
than the DUT being turned on for a third time interval;

turned off, at the first time within the switching cycle,
earlier than the first measuring circuit being turned on
for a fourth time interval;

turned on, at the second time within the switching cycle,
later than the first measuring circuit being turned off for
a fifth time interval; and

turned off, at the second time within the switching cycle,
later than the DUT being turned off for a sixth time
interval.

18. The apparatus according to claim 17, wherein the third
time interval is equal to the sixth time interval; and the
fourth time interval is equal to the fifth time interval.

19. An apparatus for measuring dynamic on-resistance of
a device under test (DUT), comprising:

a testing interface configured for coupling between the

DUT and a measuring equipment;

a first measuring circuit configured for sensing a drain-
source voltage of the DUT and generating a first
measuring signal proportional to the drain-source volt-
age;

a current sensing circuit configured for sensing a drain
current flowing from a drain to a source of the DUT and
generating a current sensing signal proportional to the
drain current;

a second measuring circuit configured for receiving the
current sensing signal and generating a second mea-
suring signal proportional to the drain current;

a first clamping circuit configured for eliminating over-
shoots in the first measuring signal;

a second clamping circuit configured for eliminating
overshoots in the second measuring signal;

a plurality of driving circuits configured for driving the
DUT, the first measuring circuit, the second measuring
circuit, the first clamping circuit and the second clamp-
ing circuit respectively; and

a controller configured for controlling the plurality of
driving circuits;

wherein the testing interface includes a DUT control node
for connecting to a control terminal of the DUT;

wherein the plurality of driving circuits includes:

a first driving circuit having an output terminal connected
to the DUT control node;

a second driving circuit having an output terminal con-
nected to a control terminal of first measuring circuit;

a third driving circuit having an output terminal connected
to a control terminal of second measuring circuit;

a fourth driving circuit having an output terminal con-
nected to a control terminal of the first clamping circuit;
and

a fifth driving circuit having an output terminal connected
to a control terminal of the second clamping circuit.
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